The purpose of the present investigation was to examine the effects of unilateral and bilateral jugular vein occlusion by temporary surgical ligature on the heart rate and arterial and venous blood pressure in sedentary horses during progressive treadmill exercise. Six horses performed three exercise tests (ET). ET1, considered the control, was performed in horses without jugular occlusions. ET2 and ET3 were performed with unilateral and bilateral occlusion by temporary surgical ligature of the jugular veins, respectively. Heart rate, arterial pressure, and pressure of the occluded jugular vein were evaluated. Clinically, the horses presented apathy, head edema, congested mucous membranes, increased capillary refill time, and dysphagia. These signs were observed with the unilateral jugular vein occlusion and became more evident with the bilateral occlusion. Comparing ETs, no differences were observed in heart rate. However, jugular occlusions promoted a decrease in the mean arterial pressure and a severe increase in jugular pressure. Head edema caused by the jugular vein occlusion in the horses could interfere with the autonomic cardiovascular regulation of arterial blood pressure during exercise, likely leading to an impairment of tissue perfusion. Jugular occlusion, even unilateral, also causes severe head venous congestion, leading to venous hypertension that was aggravated by exercise, which could risk development of cerebral edema and neurological damage. The present results obtained from sedentary horses are preliminary data that lead us to suggest that sport horses presenting jugular occlusive thrombophlebitis, even unilateral, may be prevented from performing athletic activities.
Introduction
Thrombophlebitis affects the jugular veins in horses because these veins are the most commonly used sites to access venous circulation. The disease is associated with poor venipuncture technique, prolonged or improper placement of indwelling catheters, and injections of irritating drugs that lead to a mechanical or chemical injury of the vessel wall [1] [2] [3] [4] [5] [6] [7] [8] . The clotting mechanism in horses is known to differ from that in humans, mainly reflected in a considerably shorter clotting time due to a great tendency for red blood cell aggregation [9] . Therefore, it may be presumed that such differences in clotting profile affect the reaction of the organism to catheter types and/ or materials.
Once jugular thrombophlebitis develops, blood flow is impaired due to a reduction in the vascular lumen by partial or complete thrombus occlusion [10] . This thrombus may evolve into complete recanalization of the vein, thrombus fibrous organization without recanalization or collateral circulation [7, 11, 12] . If the jugular thrombotic occlusion persists and collateral vascularization does not occur, especially when both jugular veins are involved, the resulting dysphagia and dyspnea due to the impaired venous return of the head will likely limit athletic performance [4, 10, 13] .
To ensure a proper perfusion of active muscles during exercise, the cardiovascular system must maintain the blood pressure within narrow limits. Neural (sympathetic stimulation) and endocrine (release of catecholamines, activation of the renin-angiotensin-aldosterone system and stimulation of vasopressin release) mechanisms are activated to maintain vascular tone by preserving the blood volume [14] . In the athletic horse, this ability is well developed, and, due to increments in heart rate (HR) and arterial pressure, the cardiac output resting value may be eightfold increased during maximal exercise [15, 16] . Therefore, cardiovascular regulation during physical exercise is characterized by transitory adjustments that are considered similar in trained and untrained individuals and could change as a consequence of the conditioning of the cardiovascular system in response to training [17, 18] . However, many cardiovascular disorders are known to result in hemodynamic disarrangements that can interfere with this adaptive response and result in inadequate tissue perfusion.
Exercise and training are known to have considerable effects on mechanisms of blood coagulation in horses, leading to increased platelet aggregation and increased fibrinolytic activity [19] [20] [21] . However, the few studies that have been conducted in horses demonstrating coagulation parameter shifts due to exercise performance did not evaluate horses presenting thrombotic diseases as jugular thrombophlebitis.
In an attempt to correlate the presence of jugular thrombophlebitis in horses with their athletic performance, Moreau and Lavoie [7] examined the records of horses that presented the disease during their athletic lifespan. The authors suggested that thrombophlebitis did not affect the performance of horses used for leisure riding and other nonracing activities, even when the horses suffered from bilateral occlusion. However, thrombophlebitis in racing Standardbred horses was associated with a decreased chance of returning to racing. The retrospective study by Moreau and Lavoie [7] is the only report comparing the presence of jugular occlusion with performance in horses. Thus, the hemodynamic parameters in exercising horses presenting jugular vein occlusion have never been studied. Based on the hypothesis that head venous congestion due to the stoppage of jugular vein blood flow could modify cardiovascular dynamics during exercise, the purpose of the present investigation was to examine the effects of unilateral and bilateral jugular vein occlusion by temporary surgical ligature on the heart rate and blood pressure in sedentary horses during progressive exercise on a high-speed treadmill, aiming to understand the same effects in the athletic horse presenting jugular thrombophlebitis.
Materials and Methods

Horses and Study Design
Research trials were performed with six sedentary mixed breed adult horses, three geldings, and three mares with a mean age of 6 AE 1 years and a mean body weight of 344 AE 12 kg. All horses were considered healthy based on physical examination and blood count (PocH-100iV Diff; Sysmex, Brazil). During the experimental period, horses were housed in individual stalls and consistently fed concentrated pelleted feed and hay (Cynodon dactylon), twice a day with 12-hour intervals. Water was provided ad libitum. The six horses performed three sessions of an incremental exercise test (ET) on a high-speed treadmill (Galloper; Sahinco, Palmital, Brazil) housed in an airconditioned laboratory set at 25 C, with a 24-hour interval between sessions. The first test (ET1), considered the control, was performed in horses without jugular vein occlusion. The second (ET2) and third (ET3) tests were performed in horses with occlusion by ligature of the left jugular vein and with occlusion of both jugular veins, respectively. All experimental protocols performed in the current study were approved and supervised by the institutional committee on animal research and ethics (protocol no. 004302-06).
Treadmill Exercise Protocols
One week before the exercise tests, the horses were acclimated to the treadmill over 3 days. On the first day, they were led onto and stopped on the equipment several times to acquaint them with the room, rubber floor, and side and front safety bars. After they adjusted to this procedure, they were fitted with a safety belt, walked (1.5 m/s) on the treadmill for 5 minutes and then stopped. This procedure was repeated three times. On the second day, the horses were led onto the equipment, walked (1.5 m/s) for 5 minutes and trotted (3.5 m/s, 4.5 m/s, and 5.5 m/s) for 3 min at each speed. Some horses adjusted quickly to the treadmill and could be cantered (6.5 m/s, 7.5 m/s, and 8.5 m/s) for 2 min at each speed on the same day. On the third day, the procedure was repeated, with all horses being walked, trotted, and cantered.
The total duration of each ET was 83 min, including 18 min of incremental exercise, rigorously timed according to a predetermined rest and exercise sequence ( Table 1) . The proposed exercise test could be considered medium intensity. Finally, the horses cooled down with 5 min of trotting and 10 min of walking, followed by 30 minutes of recovery at rest. The entire test was performed on a level surface. The cardiovascular variables were recorded at 13 time points (T). The first evaluation (T0) was performed at rest at the last 30 seconds before the start of the exercise. During exercise, measurements were taken at the last 30 seconds before each speed change (T1-T10). During the recovery phase, two measurements were taken at rest 15 minutes (T11) and 30 minutes (T12) after the end of the exercise.
Cardiovascular Evaluation
HR was measured in beats per min (bpm) using a HR monitor (S810i heart rate monitor; Polar Electro Oy, Kempele, Finland), with the electrodes placed in close contact with the horse's skin surface by using coupling gel. The local pressure (mmHg) of the left jugular vein was also evaluated and referred to as the regional jugular vein pressure (RJVP) in this study. Measurement was taken through a catheter (14-gauge Â 1.75-in Insyte; Becton Dickinson, Juiz de Fora, Brazil) implanted in the left jugular vein (cranial third) against its blood flow direction. Implantation was performed as usual, immediately before ET1. The catheter was sutured to the skin and flushed with heparinized saline solution (10 U/mL) every 8 hours until the end of ET3, when it was removed. The left jugular vein occlusion by ligature was performed 15 cm caudal to the catheter implantation site, so that in ET2 and ET3, the RJVP was recorded from the blood flow arriving in the cranial vessel segment above the ligature. The systolic arterial pressure (SAP), diastolic arterial pressure (DAP) and mean arterial pressure (MAP) were also measured (mmHg) during the three exercise tests. For this purpose, a 20-cm polyurethane catheter (Central Venous Catheterization set, ref CV-04701; Arrow International, Reading, PA) was implanted in the left facial artery [22] . The arterial line was flushed every 8 hours with a 10% ascorbic acid solution containing 5000 U of sodium heparin per mL [22] until the end of ET3, when it was removed. The arterial catheter implantation involved a minor surgical procedure, which was performed 24 h before ET1 to exclude the cardiovascular effects of acepromazine and pethidine chloride. Immediately before each exercise session, the horse was led onto the treadmill, and the catheters implanted into the left jugular vein and left facial artery were connected to transducers by 2 m long tubes filled with heparinized saline solution (10 U/mL). Figure 1 shows one horse just before ET1. The transducers were placed firmly on a stable bar of the equipment at the level of the point of the horse's left shoulder and calibrated. Blood pressure data were displayed on a multiparametric monitor (model DX-2010; Dixtal, São Paulo, Brazil). Cardiovascular parameter measurements were recorded during ET1, ET2, and ET3 at 13 time points (T0-T12) per test.
Jugular Vein Occlusion
The left jugular vein was occluded by ligature 12 hours before ET2. Therefore, at ET2, the horses were evaluated after 12 hours of unilateral blood flow occlusion. After ET2, the left jugular vein was kept occluded, and the right jugular vein was ligatured 12 hours before ET3. Therefore, at ET3 the horses were evaluated after 12 hours of bilateral blood flow occlusion. The ligature procedure was performed with horses that were unsedated and restrained in stocks. For each left and right jugular vein occlusion, the same procedure was performed. The hair was clipped over the lateral aspect of the neck, followed by an infiltration of 5 mL of 2% lidocaine chloride into the subcutaneous tissue. After sterile preparation, a 5-cm skin incision was made in a craniocaudal direction above the middle third of the jugular groove. The incision was deepened by blunt dissection, and the jugular vein was located. The vein was isolated by one Penrose drain passed around the vessel using a curved Kelly forceps, and the same drain was used to carry out the complete occlusive ligature of the jugular vein. Meticulous hemostasis was required to avoid postoperative hematoma or seroma formation. The skin was closed using nylon 1 in a simple interrupted pattern. Immediately after ET3, the sutures applied at both sides were opened, and the ligatures were released. After confirmation that blood flow was restored, the subcutaneous tissue was sutured using polyglactin 910 suture (Vycril 0; Ethicon Johnson & Johnson, São José dos Campos, Brazil) in a Cushing pattern. The skin was closed using nylon 1 in a simple interrupted pattern. Starting with the arterial catheter implantation, all horses were administered procaine penicillin G at 22,000 U/kg IM q for 12 h for 8 days and flunixin meglumine at 0.5 mg/kg IM q for 12 h for 8 days.
Daily dressing of the suture lines with 1% povidoneiodine solution was performed until the retirement of the animals, when the sutures at the site of the facial artery catheter implantation and jugular vein occlusions were permanently removed.
Clinical Evaluation
The horses were clinically evaluated on the first experimental day just before the initial contact with the treadmill and then daily from the facial artery catheter implantation until the retirement of the animals. Their behavior, water and food intake, intestinal motility, HR (bpm), respiratory rate measured in breaths per min (brpm), breathing pattern, rectal temperature, mucous membrane color, and capillary refill time (seconds) were assessed. The presence of head edema related to jugular vein occlusion was also evaluated. The scores were based on the statistical assessment of nonparametric data. Behavior was considered normal (0), mildly apathetic (1), moderately apathetic (2), or severely apathetic (3). Water and food intake was considered normal (0), mildly dysphagic (1), moderately dysphagic (2), or severely dysphagic (3). Intestinal motility and breathing pattern were considered normal (0) or abnormal (1) . Mucous membranes were considered normal (0), slightly congested (1), moderately congested (2), or severely congested (3). Finally, head edema was considered absent (0), mild (1), moderate (2), or severe (3).
Statistics
The nonparametric data collected in the clinical evaluations were converted to scores that could be compared. Values were analyzed by analysis of variance (ANOVA), and means were compared by Tukey's test by using AgroStat version 1.1.0.626/2011 software (Jaboticabal, Brazil). A significant difference between means was considered to be a P value of <.05 for scores and a P value of <.01 for the cardiovascular variable data obtained during the exercise tests. Data are shown as means AE standard error of the means (SEM).
To better understand the methods, Figure 2 presents a time line in days (D), including all events performed during the experimental period for each horse.
Results
Clinical Findings
All horses were considered healthy based on clinical findings and blood count measured on day 1 (D1). Physical examination showed a HR of 40 AE 2 bpm, respiratory rate of 12 AE 1 brpm, and rectal temperature of 37.8 AE 0.1 C. The mucous membranes had a normal pink color, and capillary refill time was 2 seconds. Food and water intake and intestinal motility were also normal. The horses were alert and did not present signs of lameness. Blood count revealed red blood cell concentrations of 5.6 Â 10 6 /mL AE 0.6 Â 10 6 /mL; hemoglobin of 9.9 g/dL AE 0.3 g/dL; packed cell volume of 35.3% AE 0.9 %; white blood cell counts were 9.9 Â 10 3 /mL AE 0.4 Â 10 3 /mL, and platelet counts were 184 Â 10 3 /mL AE 5 Â 10 3 /mL.
Differences in clinical findings were observed on D10 when the left jugular vein was occluded and on D11 when both jugular veins were occluded. The horses showed mild to moderate apathy on D10 and moderate to severe apathy on D11. The left unilateral occlusion (D10) leads to the development of edema located ventral to the jaw and at the left parotid region, which was observed as mild in three horses and severe in the other three horses. The bilateral occlusion leads to generalized head edema, especially located ventral to the jaw, left and right masseter muscles, parotid regions, lips, and tongue. In all horses, the mucous membranes had a light red color and were slightly congested on D10 and moderately congested on D11. These changes were followed by a capillary refill time of 2 to 3 seconds on D10 and 3 to 4 seconds on D11. On D10, three horses showed mild dysphagia, which became severe on D11 when all horses presented prehension, mastication, and swallowing distress. Despite these alterations, their water and food intake, intestinal motility, HR, respiratory rate, breathing pattern, and rectal temperature remained unchanged.
Exercise Test and Cardiovascular Changes
The incremental exercise tests were performed without complications, and HR, SAP, DAP, MAP, and RJVP records were obtained as proposed. Individually in each ET, the HR measurements performed at rest showed no differences between the time points before (T0) and after (T11-T12) the exercise. The differences in the HR were observed with exercise progression, comparing the measurements at rest (T0, T11, and T12) with those taken during exercise (T1-T10). In addition, differences were detected among the exercise HR values (T1-T10) ( Table 2 ). The HR increased in response to the exercise intensity, with the highest average values obtained at the time points of increased treadmill speed and effort intensity. No differences among the tests were detected (Fig. 3) .
For the arterial pressure, the SAP, DAP, and MAP showed no changes among rest values (T0, T11, and T12). Individually in each ET, the same pattern was observed for the three tests during exercise (T1-T10), with an increased SAP, a decreased DAP, and a nearly unchanged MAP following the speed and effort increments. The response of the arterial blood pressure to the progressive exercise in the healthy horses (ET1) is illustrated in Figure 4 . Differences in MAP were detected only within ET1, with the MAP values obtained at maximal effort (T8) being higher than the average values obtained during the walking exercise phases (T1 and T10) and at rest after the exercise (T11 and T12) ( Table 2 ). However, more differences among the time points were observed within the same ET for the SAP and DAP in the tests performed with unilateral and bilateral jugular occlusion (ET2 and ET3) ( Table 2) . Compared with T0 (rest), the SAP increased at T5 and T8 within ET1, from T4 to T9 within ET2, and from T6 to T9 within ET3. Compared with T0 (rest), the DAP decreased from T5 to T7 within ET1, at T1 and from T3 to T9 within ET2, and from T3 to T10 within ET3. These results showed that the SAP and DAP changes were more evident with jugular occlusions, extending to the warm-up and cool down exercise phases in ET2 and extending to cool down in ET3. Considering the changes due to jugular occlusion, the SAP showed differences only at T7 (Fig. 5A) . The DAP showed differences at two time points of maximal effort, decreasing at T7 and T8 (Fig. 5B) . The most evident effects of the jugular vein occlusions involved the decrease in MAP. From T4 to T7, MAP decreased in ET3 (Fig. 5C) .
Individually in each ET, the RJVP showed differences only within the tests performed with jugular vein occlusion (ET2 and ET3). The RJVP increased at T8 compared with the time at rest (T0, T11 and T12) within ET2 and increased from T4 to T8 compared with the time at rest after the Table 2 Cardiovascular parameter data of horses subjected to treadmill exercise tests (ET) without jugular vein occlusion (ET1), with unilateral jugular vein occlusion (ET2), and with bilateral jugular vein occlusion (ET3). Heart rate (HR), systolic arterial pressure (SAP), diastolic arterial pressure (DAP), mean arterial pressure (MAP), and regional jugular vein pressure (RJVP) were measured at different time points (T0-T12) throughout a sequence of rest and exercise Superscript letters on the same line represent differences (P < .01).
exercise (T11 and T12) within ET3 ( Table 2 ). The bilateral jugular vein occlusion at ET3 increased the RJVP values at T0 (rest) compared with ET1. The most evident differences were detected with exercise progression, when RJVP increased in ET2 and ET3 from T1 to T10 compared with the average values obtained in ET1. The differences detected in the RJVP among the exercise tests are shown in Figure 6 .
Discussion
The clinical findings observed in horses subjected to jugular blood flow occlusion, such as head edema, dysphagia, congested mucous membranes and increased capillary refill time, are related to the venous congestion that developed following the ligature. These observations are in accordance with the clinical occurrence of completely occlusive jugular thrombophlebitis [4, 10, 13] . The rectal temperature, HR, respiratory rate and breathing pattern did not show significant differences during the protocol period, suggesting that the flunixin meglumine therapy effectively provided comfort to the horses despite the three surgical procedures (facial artery catheterization and the left and right jugular vein ligatures) and the three exercise sessions performed.
HR data during exercise tests were assessed to determine the effort intensity. According to Sirotsky et al [23] , Fig. 3 . Mean heart rate (HR) of horses (n ¼ 6) during the treadmill exercise test (ET) without jugular vein occlusion (ET1), with unilateral jugular vein occlusion (ET2), and with bilateral jugular vein occlusion (ET3). The HR (BPM) was measured at different time points (T0-T12) throughout a sequence of rest and exercise. the maximal HR determined on a treadmill for mixed breed horses, which are similar to horses used in the present study, is 216.8 bpm. Considering that the horses presented a HR of 171 AE 2 in ET1, 172 AE 4 in ET2, and 171 AE 6 in ET3 at maximal effort (T8), the exercise tests reached 80% of maximal HR, characterizing the exercise as submaximal. Furthermore, the study conducted by Sirotsky et al [23] was the only report HR values during treadmill exercise for mixed breed horses from our region, indicating the importance of reporting the present HR values.
Although the present results provide novel information regarding the cardiovascular dynamics in horses with unilateral and bilateral jugular vein occlusion, they must be interpreted cautiously due to the lack of studies of the same subject. The absence of similar studies leads us to delineate some hypotheses to discuss the observed differences. Cerebral edema develops in response to an increase in cerebral capillary pressure. Once started, the edema compresses the blood vessels, resulting in reduced blood flow and leading to cerebral ischemia that induces arteriolar dilation. This dilation increases the capillary pressure even further, aggravating the edema. Because the brain is inside a rigid cavity, the excess fluid compressing the blood vessels can lead to nervous tissue damage [14] . In humans, vasogenic edema is reported to be the most common form of cerebral edema [24] . Furthermore, the occlusion of both jugular veins increases morbidity due to cephalic venous hypertension, which results in increased cerebrospinal pressure [25] . The Queckenstedt maneuver is a clinical test used for diagnosing spinal stenosis in humans. Bilateral jugular occlusion by compression is performed, leading to an engorgement of spinal veins and a fast increase of cerebrospinal fluid pressure [26] . The methods and observations related to the Queckenstedt maneuver highlight that jugular vein occlusion may directly lead to cephalic venous hypertension, which could conduce to serious complications if occlusions are maintained. The consequences of increased cerebrospinal pressure are blindness, headaches, lethargy, convulsions, respiratory depression, coma and death [25] . Compared with other mammalian species, horses do not have a deep or internal jugular vein [27] , and thus the consequences of jugular occlusion by thrombus could be considered worse. The horses in the present study developed venous congestion and head edema, which were confirmed by clinical evaluations. Assuming that the edema extends to the nervous tissue, as described for humans [25] , the cardiovascular autonomic regulation could be affected, explaining the blood pressure differences among the exercise tests.
The sinoatrial node acts as the primary pulse generator for the heart beat and is controlled by the parasympathetic and sympathetic nervous systems. Under rest conditions, both branches of the autonomic nervous system are tonically active, regulating cardiac activity predominantly via the parasympathetic system. When exercise is started, the catecholamine release is immediately stimulated, and the sympathetic activity exerts a positive chronotropic effect on the heart, increasing the HR in an attempt to increase cardiac output for a better perfusion of the active tissues [18, [28] [29] [30] [31] . This cardiovascular regulation is well understood and was observed individually in each ET. The HR increased linearly throughout the exercise, showing the highest values within the high speeds of the treadmill and with increased effort. No differences were detected in the HR values among the three ET, showing that jugular occlusion did not affect the sympathetic activity with respect to the positive chronotropic effect on the heart. During exercise, the catecholamine release activated the sympathetic nervous fibers, which also led to a positive inotropic effect on the heart, increasing the blood pressure [14] . In addition, the sympathetic stimulation on the veins leads to vasoconstriction in inactive tissues, such as the kidneys and splanchnic tissue, and the capacitance vessels are compressed by the abdominal musculature. These episodes increased the venous return to the heart. The greater volume of blood entering the heart during diastole increases the stroke volume, leading to an elevated SAP. In contrast, the DAP decreases due to the reduced total peripheral resistance to provide a better perfusion of the active muscles [29] . Blood pressure is known to be a balance between cardiac output and total peripheral resistance [14] . Actually, during exercise, the SAP increases due to an increased cardiac output, and the DAP decreases due to a decreased peripheral resistance following a progressive effort to continuously maintain the MAP at a constant level, especially during aerobic exercise. If the effort increases to a high intensity that changes the metabolic pathways to an anaerobic condition, the MAP tends to increase [32] . The present results corroborate this description of the blood pressure responses to exercise progression, and they were similar for the three ET, showing that the SAP increased, the DAP decreased and the MAP remained stable. Therefore, supported by these blood pressure results, the exercise performed can be characterized as predominantly aerobic, which is also in accordance with the obtained HR values.
The first evidence that unilateral or bilateral jugular vein occlusion interferes with blood pressure regulation during exercise were shown by results obtained individually in each ET. Compared with T0 (rest), both the SAP and DAP had more differences in the time points within the tests performed with occlusions (ET2 and ET3). Such differences were even more pronounced for the DAP results compared with the resting values (T0). ET1 showed three time points (T5-T7) whereas ET2 showed eight time points (T1, T3-T9) and ET3 showed eight time points (T3-T10) with decreased DAP values. The MAP increased at T8 in ET1 compared with rest, which could be interpreted as a limited effort to change the exercise metabolism from predominantly aerobic to predominantly anaerobic, as previously described [32] . However, during ET2 and ET3, the same effort was performed, and the MAP did not change. Venous congestion, observed in cases of thrombophlebitis in horses, increases the hydrostatic pressure leading to head edema [4, 10] . Considering that no differences were observed in the HR among the tests, the head edema appears to be due to the jugular occlusions during the occlusive period performed in the present study, which affected the sympathetic activity regarding the inotropic effects on the heart and the peripheral vasotonic effects. Furthermore, because the DAP showed more differences than the SAP, the peripheral vasotonic effects, Fig. 5 . Arterial blood pressure of horses (n ¼ 6) during the treadmill exercise test (ET) without jugular vein occlusion (ET1), with unilateral jugular vein occlusion (ET2), and with bilateral jugular vein occlusion (ET3). The blood pressure (mmHg) was measured at different time points (T0-T12) throughout a sequence of rest related to DAP, were most likely more affected by the occlusions than the inotropic positive effect on the heart, related to SAP.
So far, we discussed blood pressure regulation within the tests individually. Now, comparing the same time point values among the tests, we could obtain a good sense of the effects of jugular occlusion. This discussion is also based on the same hypothesis that head edema compresses the central nervous tissue. The most marked differences were observed in the MAP values, which decreased substantially with the bilateral occlusion during the more intense exercise phase (T4-T8). Given that the MAP indicates the balance between cardiac output and total peripheral resistance [14] , which should be maintained within narrow limits for adequate perfusion during physical activity [29] , the decreased values obtained with bilateral occlusion could indicate poor tissue perfusion during exercise. Jugular thrombophlebitis recovery in horses is known to be followed by the development of collateral circulation [7] . Whether the collateral circulation is sufficient to supply adequate head venous return after the occurrence of bilateral occlusive jugular thrombophlebitis is unclear; the present results suggest that these horses could perform poorly due to poor muscular tissue perfusion, whereas cardiovascular responses to exercise were compromised.
With respect to RJVP, the results suggested that the jugular vein occlusion, even unilateral, promoted severe head venous congestion, leading to hypertension that was aggravated by exercise. The RJVP during ET2 and ET3 reached values two fold higher than normal (ET1) with exercise progression. The observed jugular venous hypertension during ET2 and ET3 could be attributed only to the mechanical obstruction, with no other apparent reason for the occurrence of venous hypertension. This hypertension was most likely distributed throughout the head based on the edema observed on the clinical evaluations. Considering that increased cerebral capillary pressure may further the development of cerebral edema [14] , these horses risk neurological damage. This issue led us to contraindicate physical activity for those horses that had jugular thrombophlebitis and still present thrombus obstruction in the jugular vein, unless collateral circulation could be proven to have developed to completely supply the deficit of venous return from head.
Conclusions
The results of this study, performed in sedentary horses, are only preliminary data for the effects of jugular vein occlusion on cardiovascular parameters in exercising horses. Trained horses were not evaluated; however, the present findings suggest that sport horses presenting jugular occlusive thrombophlebitis, even unilateral, may be prevented from exercising. Further investigations are necessary to determine the autonomic neurologic activity modulating the hemodynamic changes in the horses with jugular vein occlusion and the mechanisms by which the cardiac variables might differ during exercise. . *, Differences from ET1 (P < .01); F, differences from both ET1 and ET2 (P < .01); #, differences from both ET1 and ET3 (P < .01). =
